FREE STANDING SHAPE MEMORY ALLOY THIN FILM 
AND METHOD OF FABRICATION 



Cross -Reference to Prior Application 
This application claims the benefit under 35 USC §119(e) of United States 
provisional application serial no. 60/217,664 filed July 10, 2000. 

Background of the Invention 
1.0 Field of the Invention 

This invention relates in general to shape memory alloys (also called SMA), and 
more particularly to the fabrication of shape memory alloys in thin film form. 

2.0 Description of the Related Art 

Stainless steel remains the material of choice for many fields of medical devices 
implanted in the human body. For example, stents made of stainless steel are 
used to prevent restenosis after balloon angioplasty. Titanium-nickel alloy 
(TiNi), which when annealed so that it crystallizes possesses shape memory 
properties, has also come into increasing use for stents and other applications.. 
To date, TiNi has been primarily used in tube or sheet form. 

Various methods exist to draw tube or roll sheets of shape memory alloys like 
TiNi. These methods cannot guarantee the perfectly smooth surface finish 
required for various types of biomedical implants, especially those that will 
have contact with blood flow. A surface imperfection on a device like a stent 
can cause an embolism. 

In addition to the problem of surface imperfections, material produced by 
drawing, hot rolling, or cold working techniques cannot match sputter- 
deposited materials for minimum possible thickness. Nor can such techniques 
be used to fabricate devices small enough for certain applications. There is a 
growing impetus for smaller and smoother stents that can be used in very small 
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blood vessels such as those found in the brain to treat aneurisms or filter out 
blood clots. 

Sputter deposited thin film shape memory alloys such as thin film comprised of 
TiNi overcomes these problems. Such films can be fabricated in a range of 
thickness from less than Ijam to 40}im. SMA material can be made in thin film 
configurations in accordance the teachings of U.S. patent No. 5,061,880 to A. 
David Johnson et. al., the disclosure of which is incorporated by this reference. 

As is well known, an SMA material that has been annealed into a crystalline 
state undergoes a crystalline phase transformation from martensite to austenite 
when heated through the material's phase change transformation temperature. 
When below that temperature the material can be plastically deformed from a 
"memory shape" responsive to stress. When the SMA material is heated 
through the transformation temperature, it forcefully reverts to its memory 
shape while exerting considerable force. 

Objects and Summary of the Invention 
It is a general object of the invention to provide methods for fabricating shape 
memory alloys into free standing thin films. 

Another object is to provide free standing thin film structures made by such 
methods. 

Another object is to provide methods for fabricating an SMA thin film that is 
biocompatible, free standing, smooth and uniform in thickness, thereby making 
it suitable for many medical devices and other applications. 

Brief Description of the Drawings 
Fig. 1 is a flow chart showing the general method of fabricating a shape memory 
alloy free standing thin film in accordance with one embodiment of the 
invention. 
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Fig. 2 is a flow chart showing the general fabrication method in accordance with 
another embodiment. 

Fig. 3 is a graph showing resistivity curves for a typical free standing shape 
memory alloy thin film fabricated in accordance with the methods of the 
invention. 

Description of the Preferred Embodiments 
In the drawings, Fig. 1 illustrates generally at 10 the general method steps in 
accordance with one preferred embodiment for fabricating a free standing SMA 
thin film structure. While the methods will be described for making the thin 
film of TiNi alloy material, the invention contemplates the use of other SMA 
materials for the thin films, such as TiNi-Cu, TiNi-Cr and TiNi-Hf alloys. 

A substrate is provided with a cleaned and polished top surface. Preferably the 
substrate comprises a wafer of silicon, or a glass or pyrex slide, or a wafer of 
ceramic material. The size of the substrate wafer is not critical, and can vary 
from the smallest available substrate to the largest available substrate that can go 
through the various fabrication process machines. A typical circular substrate 
wafer size is 4" diameter. 

The substrate is cleaned thoroughly in RCA cleaning solution (a mixture of 
ammonium hydroxide, hydrogen peroxide and DI water in the ratio of 1:1:5 
respectively) at 80°C for 30 minutes to remove any impurities such as grease and 
dust particles. Alternatively, other cleaning solutions can be used, such as 
Micro-90 (a commercially available mixture of salts of sodium, ammonium and 
acids). 

In step 12, a sacrificial layer is formed that is comprised of a suitable metal which 
is compatible with the process, that is the metal can be etched without damaging 
the SMA thin film which will be sputter deposited in step 14.. Chromium, 
aluminum or other such compatible metals can be used for this purpose. In this 
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step the substrate wafer is placed in a chamber which is evacuated to a vacuum 
of 10" 7 torr base pressure. The metal is heated and evaporated so that it deposits 
on flat top surface of the substrate in a layer of less than 1pm thick. 

5 In step 14, the SMA material is sputter deposited in a thin film onto the outside 
surface of the sacrificial layer. The substrate wafer as prepared in the manner 
described above is placed in a sputtering machine at 10~ 7 torr base pressure. The 
SMA material in amorphous form is sputtered at 2 millitorr argon pressure 
using a single TiNi DC magnetron target, and a DC power supply. High 

1 0 vacuum 10" 7 torr base pressure helps in reducing the amount of oxygen that can 

be potentially absorbed by the titanium atoms. The film is deposited in 
amorphous form at the desired thickness, which can be in the range of ~lpm to 
-40pm. 

-I 5 Alternatively, both the metallic sacrificial layer and the SMA film can be 
successively sputter deposited in the same machine without breaking the 
vacuum. 

In step 16, the sacrificial layer is etched sufficiently away from the SMA film so 

2 q that the film is free standing, meaning that the film is physically separated from 

the substrate. In this step a chemical etch solution is applied so that it begins to 
etch the sacrificial layer from the edges of the sputter deposited film with the 
etchant slowly proceeding inwardly and underneath the film. Because of the 
long etching time required to obtain free standing TiNi thin film having a large 

2 5 surface area, the sacrificial layer etchant should be selected so that it will not 

damage the SMA film during the etching step. 

If chromium is used as the sacrificial layer, then the selected etchant can be a 
commercially available solution of eerie ammonium nitrate and nitric. Etching 

3 0 takes place at a temperature of approximately 25°C (i.e. room temperature) for a 

period of approximately 24 hours for removing a 4" diameter film. To get an 
even larger area free standing thin films of SMA, longer etching times would be 
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necessary. If aluminum is used as the sacrificial layer, an etchant solution of 
dilute Micro-90 can be used. Alternatively, a dilute sodium hydroxide solution 
or chrome etch can be used. 

In step 18, the thin film is annealed at a temperature sufficient to crystallize the 
SMA material. The annealing step takes place in a high vacuum chamber 
(pressure <10' 5 torr) by heating on a hot plate or by using infrared heating at a 
temperature of 500°C. Annealing crystallizes the amorphous film, giving it the 
shape memory property. 

In step 20, the thin film is allowed to cool to room temperature in the vacuum 
chamber. The thin film can then be used in its intended application. 

The transformation temperatures of TiNi and other SMA thin film materials 
can be altered by varying the chemical composition of the material and the 
temperature at which they are annealed. 

Fig. 2 shows another embodiment of the method by which, in step 28, the 
sputter deposited SMA thin film is annealed with the film still attached to the 
substrate, provided the sacrificial layer between the film and substrate will not 
diffuse into the SMA film. Chromium as the sacrificial layer satisfies this 
criterion. Once annealing is competed, the thin film is cooled at step 20'. Then 
in step 16' the sacrificial layer is etched away by a suitable chrome etchant to 
obtain a free standing thin film structure. 

The described fabrication methods can be used to make three-dimensional films 
in cylindrical or conical shapes. Further, thin films produced by these methods 
can be lithographically patterned by the use of a mask and suitable etchant. 

Fig. 3 is a graph show resistivity curves for free standing TiNi thin film 
fabricated by the method of Fig. 1. The graph plots resistivity change in the thin 



film as a function of temperature. The curves show the hysteresis and phase 
change associated with shape memory effect. Curve 22 shows resistivity change 
during the heating step with bulge 24 resulting from the crystalline phase 
change. Curve 26 shows resistivity change during the cooling step. These 
curves demonstrate that the thin film retains its shape memory property and is 
not damaged during the sacrificial layer etch step. 

While the foregoing embodiments are at present considered to be preferred, it is 
understood that numerous variations and modifications may be made therein 
by those skilled in the art and it is intended that the invention includes all such 
variations and modifications that fall within the true spirit and scope of the 
invention as set forth in the appended claims. 
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